Spontaneous renal artery dissection (SRAD) is rare. Clinical manifestations vary from minimal symptoms to life-threatening hypertension. We analysed three cases from our institution and conducted a literature review in order to design diagnostic and treatment algorithms for SRAD.
Introduction
Renal artery dissection (RAD) is a rare entity. 1, 2 It constitutes approximately 0.05% of arteriographic dissections in large series. 2, 3 The first cases of spontaneous renal artery dissection (SRAD) were reported by Bumpus 4 in 1944 and Liebow et al. 5 in 1956. Beroniade et al. 2 and Martin et al. 6 conducted prior reviews of SRAD.
SRAD has been associated with atherosclerosis, intimal fibroplasia, malignant hypertension, Marfan's syndrome, Ehlers-Danlos syndrome and severe physical exertion. [7] [8] [9] Therapeutic options used in the treatment of SRAD include watchful waiting, medical treatment of hypertension, endovascular techniques, in vivo or extracorporeal renal artery bypass or repair and partial or complete nephrectomy. 1, [9] [10] [11] [12] [13] [14] SRAD represents a distinct pathologic entity, different from traumatic and iatrogenic RAD. 15 We present three cases of SRAD as well as a review of the literature. To provide practitioners with a systematic and practical approach to SRAD, we have designed diagnostic and treatment algorithms based on our own experience and a review of medical literature.
Case presentation no. 1
A 37-year-old man presented with left flank pain and hematuria of 24 h duration. His prior medical history included mitral valve prolapse and an episode of spontaneous pneumothorax. The flank pain started approximately 12 h after he returned from a fishing trip. The patient denied prior history of hypertension, or any history of urinary tract disorder.
On presentation, he was normotensive and had a temperature of 100.41F. Because of leucocytosis (22 000) cells/ml and the severity of pain, pyelonephritis was suspected. Urinalysis revealed mild to moderate erythrocytes. A computed tomography (CT) scan of the abdomen and pelvis showed an area suspicious for an infarction in the postero-inferior segment of the left kidney ( Figure 1 ). To better define this lesion, an magnetic resonance angiography (MRA) was performed, which showed an abrupt cutoff, with filling defect in segmental renal artery leading to the infarcted area of the left kidney ( Figure 2 ). Initally, an embolic event was suspected, and the patient was started on intravenous heparin. Echocardiogram, however, was negative for a cardiac source of embolus.
On the following day, a selective left renal arteriogram showed a focal intimal dissection in a segmental left renal artery with an associated aneurysmal dilatation of the arterial segment. Patency of the renal artery beyond the dissection allowed perfusion of an estimated 25% of the left renal parenchyma (Figure 3 ).
Based on radiographic findings and the absence of hypertension or embolus, a decision was made not to anticoagulate the patient or to pursue any further intervention. The patient's presenting symptoms and signs resolved and he was discharged to home on hospital day 3. The patient is currently being monitored by periodic CT angiogram to follow any enlargement of the aneurysmal segment of the left renal artery. He remains well at 2 years from the time of initial diagnosis.
Case presentation no. 2
A 40-year-old man presented with left flank pain of approximately 12 h duration. His pain, which was constant in nature, started suddenly and was accompanied by decrease in appetite. There was also an associated lower back pain, generalized malaise and aches. He denied any gross hematuria or dysuria. His past medical history was unremarkable.
On physical examination, his blood pressure was noted to be 194/103 mm Hg, with a heart rate of 104. He appeared to be in mild distress secondary to his pain. His abdominal examination was significant for pronounced left flank tenderness.
The patient's laboratory studies were remarkable for a leucocytosis of 12 600 cells/ml with 83% neutrophils. His serum lactic acid was elevated at 4.9 mmol/l, with a normal bicarbonate level of 26 mmol/l. His blood urea nitrogen (BUN) and creatinine were normal. Urinalysis was remarkable for trace amounts of blood. A non-contrast CT of abdomen and pelvis was negative for nephrolithiasis or ureterolithiasis.
A CT study of the abdomen with intravenous contrast demonstrated bilateral segmental renal infarctions. The study also revealed bilateral perfusion differences of the otherwise unaffected portions of the kidneys, suggestive of restriction of flow to the non-infarcted areas. Filling defects were seen within the left renal artery (Figure 4) .
The patient was anticoagulated with heparin and underwent arteriography. Selective angiography showed a thrombus and an area of dissection in the first-order branch of the left renal artery supplying a portion of the posterior upper and mid-pole of the left kidney as well as the entire Spontaneous renal artery dissection SP Stawicki et al lower pole of the left kidney. A distal embolus was seen in a more peripheral lower pole branch. Retavase infusion was initiated through a catheter. In addition, the patient had duplication of the left renal artery, with severe irregularity and narrowing of the mid-portion of the accessory vessel with a 'beaded appearance', suggestive of fibromuscular dysplasia (FMD) ( Figure 5 ). On the right side, the patient was also noted to have RAD, as well as changes characteristic of FMD in mid-vessel main renal artery ( Figure 5) .
A repeat arteriogram, performed to assess the effect of thrombolytic therapy, demonstrated a progression of the left RAD. Further reduction in blood flow through both the false and the true lumen were noted. Despite that, good control of hypertension was achieved, on a regimen of low-dose lisinopril (20 mg/day), metoprolol and amlodipine. Although the use of angiotensin-converting enzyme (ACE) inhibitors such as lisinopril is controversial in the setting of renal arterial stenosis, the low-dose regimen allowed significant reductions in the doses of metoprolol and amlodipine. While on lisinopril, the patient's serum creatinine remained in the normal range.
The patient was also started on warfarin anticoagulation. The patient is doing well, 12 months following his initial presentation. His is off antihypertensive medications, and his warfarin was discontinued 3 months after discharge from hospital.
Case presentation no. 3
A 61-year-old man presented with complaints of left flank pain, nausea and vomiting. Upon initial assessment, he was noted to have an acute exacerbation of his hypertension, with a blood pressure of 190/95 mm Hg. He denied gross hematuria or dysuria. The patient denied any trauma to the flank or abdomen. CT of abdomen and pelvis showed an area of infarction in the left kidney.
The patient's hypertension was well controlled with oral metoprolol and clonidine. His BUN was 11 mg/dl and creatinine was 1.0 mg/dl, with white blood cell count of 7500 cells/ml and lactic acid level of 1.4 mmol/l. His urinalysis was negative for erythrocytes or leucocytes. The patient underwent clinical observation, and although his left flank pain improved significantly, his elevated blood pressure persisted. An arteriogram showed acute dissection of the anterior-superior first-order branch of the left renal artery ( Figure 6 ). We elected to perform no further intervention, and the patient improved significantly over the ensuing 48 h. He became pain free and his blood pressure responded to a regimen of oral antihypertensive medications, including metoprolol and enalapril. He was discharged to home after 4 days of observation, and is doing well 2 months following discharge.
Discussion
Renal arterial occlusive disease causes less than 1% of clinically significant hypertension. 16 RAD is rare, constituting approximately 0.05% of arteriographic dissections.
2,3 Bumpus has been credited with the first report of SRAD. 4 Similar to other early reports, the SRAD in Bumpus' report contributed to the patient's demise. 4, 5, [17] [18] [19] [20] Mortality associated with RAD was reported rarely after 1970, and even then it did not result directly from SRAD. 21 Numerous predisposing factors are associated with SRAD, and include FMD, atherosclerosis, malignant hypertension, Marfan syndrome, EhlersDanlos syndrome, as well as severe physical exertion. 8, 21 In this series, although patients no. 1 and no. 3 did not appear to have any predisposing factors, patient no. 2 did have arteriographic evidence of FMD.
As exemplified by both this report and various literature studies, most SRAD patients present with a combination of flank pain, headache, nausea, vomiting, dysuria, hypertension, hematuria, as well as groin and/or testicular pain ipsilateral to the anatomic arterial lesion. 8, 14, 22 Differential diagnosis of SRAD should include thromboembolism with renal infarction, renal vein thrombosis, renal abscess, renal or ureteral stones, pyelonephritis and other intra-abdominal diagnoses. The rarity and nonspecific presentation of SRAD often lead to a delay in diagnosis. 12 This, in conjunction with frequently complex anatomic lesions secondary to dissection into renal artery branches, can make treatment very challenging. 12 The sequelae of RAD include renal infarction, uncontrolled hypertension Spontaneous renal artery dissection SP Stawicki et al and arterial rupture. 12, 23, 24 SRAD is most often rightsided, observed in newly hypertensive, young and middle-aged men (mean age approximately 30 years), frequently with underlying atherosclerosis or FMD. 8, 11, 21, 22, [25] [26] [27] As demonstrated in case no. 1, SRAD can also present without hypertension. 14, 26 Early recognition and appreciation of the clinical presentation of SRAD are important. 28 Generally, long-term prognosis is good. 8, 15, 28 Anatomic lesions of SRAD are postulated to originate as a result of intramural haemorrhage from the vasa vasorum or by penetration of blood into the arterial wall through an intimal tear. 11 There is also a well-established association between SRAD and FMD. In fact, FMD was observed radiographically in 18 of 24 cases of SRAD in one report. 25 Patient no. 2 in this series exemplifies this association. The outcome of SRAD is usually benign when arterial dissection occurs in patients with no underlying arterial disease or only mild FMD. 8 Although arteriography remains the most common means for definitive diagnosis of SRAD, emergence of other imaging modalities such as CT angiography (CTA) and MRA, provide physicians with new diagnostic options. 13, 22 Review of the literature shows that the initial diagnostic approach most often utilizes a combination of arteriography, intravenous pyelography (IVP), CT/CTA, ultrasonography, magnetic resonance imaging/MRA. 22 Of note, renal nuclear scans were reported to be an unreliable method of determining the exact nature and extent of RAD. 25 Hare and Kincaid-Smith 29 described the arteriographic features of RAD. These include (a) irregular calibre of the artery with associated aneurysmal dilatation and segmental narrowing owing to filling of the dissection sac with thrombus; (b) a tendency of the above irregularity to begin at the first branch of the renal artery; (c) local narrowing at branch orifices; (d) and some degree of reversibility. 29 In fact, several studies reported angiographic improvement of the arterial dissection during the follow-up period. 12, 26, [28] [29] [30] Initial roentgenography is often centred on suspected urinary stones or pyelonephritis. An IVP can lead to abnormal findings, often prompting a CT scan to rule out an abscess or renal infarction. However, one has to keep in mind that small renal infarctions may not lead to noticeable abnormalities on IVP. Sometimes, a nuclear renal function scan is performed, looking for defects in renal perfusion.
At times, the investigation is initiated at the CT scan level, looking for suspected urinary stones. However, one should keep in mind that an unenhanced CT scan is not useful in diagnosing renal infarction. In such situations, an intravenous contrast-enhanced study is more useful. The definitive diagnosis is usually made during follow-up arteriography. In case no. 1, MRA suggested that the source of the renal infarction was embolic, whereas arteriography determined the correct diagnosis of SRAD. Patients no. 2 and no. 3 underwent arteriography soon after the CT showed renal arterial thrombus and/or infarction. Most reports describe arteriography as the definitive diagnostic procedure. 22 However, given the increasing accuracy of MRA and CTA imaging, these new technologies may gradually replace traditional arteriography as the gold standard. 31, 32 Non-operative treatment or clinical observation are preferred and are sufficient in many cases. 8, 22 In Figure 6 Arteriography of patient no. 3 shows global view of the aorta and the left renal artery (a) and acute dissection of the anteriorsuperior first-order branch of the left renal artery (b).
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14 Treatment of SRADassociated hypertension should follow the recommendations published in the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC VII), with a goal blood pressure of less than 140 mm Hg systolic and less than 90 mm Hg diastolic. 33 Mild hypertension, with systolic blood pressure (SBP) between 140 and 159 mm Hg or diastolic blood pressure (DBP) between 90 and 99 mm Hg should be treated with a single antihypertensive medication. Hypertension characterized by SBPX 160 mm Hg or DBPX100 mm Hg should be treated with a two-drug combination. 33 Refractory hypertension can be treated with optimization of dosages or adding additional drugs until goal blood pressure is achieved. 33, 34 In this series, the treatment of hypertension is exemplified by cases no. 2 and no. 3, with the patients remaining well on a prescribed regimen of antihypertensive medications.
Of interest, although the efficacy of ACE inhibitors in renovascular hypertension has been controversial, it can have potentially beneficial effects on patient survival without affecting renal function. 35, 36 In one arteriographic study, ACE inhibitors were commonly used among patients with atherosclerotic renal artery stenosis. 36 In fact, some recommend that ACE inhibitor therapy should not be discontinued unless serum creatinine level rises greater than 30% from baseline during the first 60 days after starting the therapy or hyperkalaemia develops. 37 As demonstrated by patient no. 2, low-dose ACE inhibitor therapy proved safe and allowed significant reductions in the other two hypertensive medications.
Endovascular procedures in treatment of RAD have been described in few select cases. 16, 22, 30, 38, 39 Successful stenting across the dissection has been reported. 16, 30, 38, 39 Follow-up studies of the stented arteries demonstrated good patency at 6 and 16 months in one report. 13 Mudrick et al. 40 described coil embolization in treatment of RAD. Patient no. 2 in this study underwent thrombolytic therapy aimed at the acute left renal arterial thrombus. Although repeat arteriography demonstrated worsening of the RAD, no further invasive treatment was pursued because the patient improved spontaneously.
Criteria for operative intervention for SRAD include existence of technically correctable dissections causing (a) haemodynamically significant occlusions of the main or major segmental renal arteries, (b) uncontrolled renovascular hypertension despite adequate medical treatment or (c) significant deterioration of renal function. 3 In addition, failed endovascular therapy in a patient who does not respond to pharmacologic treatment should be considered an indication for operative treatment, if a surgically correctable lesion is present. Arterial bypass is the most common surgical treatment. 22 Surgery, if needed, should be directed toward arterial reconstruction and preservation of functioning renal parenchyma. 15, 21 Extracorporeal reconstruction and autotransplantation can be effective in patients with complex SRAD lesions located in or extending into the distal branches. 15, 28 Operative intervention on the involved arteries can be difficult secondary to periarterial fibrosis, and in some cases, revascularization can be possible only after renal exteriorization. 15 Postoperative cure or control of hypertension is achieved in most cases. 15, 28 Nephrectomy should be considered in the following settings: (a) large renal infarction with significant deterioration of kidney function; (b) severe refractory renovascular hypertension and (c) following failed vascular bypass attempts. 11, 22 Failure of endovascular intervention with worsening hypertension can also be considered as a relative indication for nephrectomy, provided that the underlying lesion is not amenable to surgical repair. Ongoing uncontrolled hypertension can cause significant damage to the contralateral kidney and other end organs. Determination of whether to proceed with a partial or complete nephrectomy is difficult and very subjective, and to the authors' knowledge, there are no published studies providing for reliable classification of the degree of the damage to the renal parenchyma. One must keep in mind that relatively small amounts of remaining normal renal parenchyma can represent significant functional renal contribution.
Patients with SRAD are noted to develop similar lesions in other arteries, including the contralateral renal artery. 29, 41 In one series, two patients experienced contralateral RAD at 12 days and 7 years, respectively. 2 Case no. 2 in this series demonstrates such an occurrence, with right RAD present along with left-sided RAD. Given the potential occurrence of bilateral RAD as well as the possibility of spontaneous reversal of the dissection, initial conservative management is encouraged if major renal infarction has not occurred. 30 Spontaneous resolution of bilateral RAD has been reported. 26 We propose the following diagnostic ( Figure 7 ) and treatment ( Figure 8 ) algorithms to systematize the clinical approach to SRAD. Also, a table of major case series and reviews of SRAD was compiled to provide the reader with a concise source of relevant SRAD references (Table 1) .
Conclusions
SRAD is rare and has a predilection for middle-aged male patients. Diagnosis can be challenging owing to its nonspecific presentation and the rare occurrence of this condition. Diagnosis is most accurately made with arteriography. The advent of high-resolution CTA and MRA may obviate the need for formal Complete nephrectomy (6) Partial nephrectomy (2) Ex-vivo renal arterial repair (11) In situ renal arterial repair (6) Normotensive after surgery (9) (all nephrectomy patients cured) Improved postoperative hypertension (11) No change postoperatively (2) Reilly et al. 
